Foundation, Rochester Minnesota 55901 A B S T R A C T The frequency and amount of IgM rheumatoid factor (RF) in the blood of patients with rheumatoid arthritis (RA) correlate with the severity of the disease and the number of complications. Though previous studies of RF in subacute bacterial endocarditis have shown that RF inhibits phagocytosis of microorganisms by granulocytes, the presence of low levels of complement (C) in blood and synovial fluid of patients with the highest titers of RF suggests that an interaction between RF and C may contribute to the -inflammatory process in RA. We thus employed a quantitative methodology to examine the effect of RF on complement-dependent phagocytosis of sheep erythrocytes by rabbit granulocytes. Addition of 2500 molecules of IgM RF to sheep cells heavily coated with IgG antibody (195,000 molecules per cell) resulted in virtually complete inhibition of uptake of C3 (flue) and prevention of phagocytosis, an effect resulting from inhibition of uptake of Cl by the cells. When erythrocytes coated with only 34,000 molecules of IgG antibody were employed, phagocytosis was similarly inhib.ited. However the effect of RF on such cells was shown to be primarily mediated through inhibition of C4 rather than Cl uptake. Although the results do not exclude the participation of an
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INTRODUCTION
Whether rheuxnatoid factor (RF)1 (anti-IgG antibodies present in the sera of most patients with rheumatoid arThis work was presented in part at the 17th Interim Scientific Session of the American Rheumatism Association, 10 December 1971.
Received for publicationt 27 March 1972 and in revised form 25 July 1972. 'Abbreviations used in this paper: C, complement; EM, thritis [RA] ) contributes to the pathogenesis of the inflammation of synovium or other tissues in this disease is not known. Though the exper.iments of Hollander and his collaborators (1, 2) (who found that injection of autologous IgG into quiescent joints could produce exacerbations of synovitis) were interpreted on the basis of an immune complex reaction between injected IgG and RF, this work has not been successfully repeated (3) . Davis has postulated that RF may actually inhibit inflammation produced by immune complexes (4) . In support of this latter concept Messner and his associates (5) found that IgM RF isolated from patients with subacute bacterial endocarditis was able to inhibit polymorphonuclear leukocyte phagocytosis of the infecting organisms coated with 7S IgG antibody. The inhibitory effect observed seemed to be primarily directed at the phagocytosis-promoting effect of fresh normal serum.
In the present study we (7, 8) .
Chromatography oni hydroxyapatite as used by these workers for final purification of #,B1 did not prove to be a reproducible method in our hands for eliminating the major contaminant, C5, while still preserving full C3 activity. However our final preparation from DEAE-cellulose contained less than 5%s contamination by C5 as determined by radial immunodiffusion analysis. Human C4 was prepared by the method of Muller-Eberhard and Biro (9) . The final preparations contained small amounts of Cl inhibitor (less than 1 effective molecule per 100 effective molecules of C4).
Complement titrations. All titrations were carried out in tubes by modifications of the basic methodology of Mayer (10) Role of complement components in inhibition of phagocytosis (high input of IgG antibody). In order to determine whether the inhibitory effect of rheumatoid IgM on phagocytosis which we had observed was mediated through an effect on the complement system, we examined the fixation of complement components to cells coated with 195,000 molecules of antibody per cell and treated with rheumatoid IgM before addition of complement components. Fig. 5 demonstrates that inhibition of phagocytosis (Fig. 3 ) was almost exactly paralleled by inhibition of binding of 'I-labeled C3 (Fig. 5) . To answer the question of whether inhibition of C3 binding reflected a direct effect on C3 binding or inhibition of an earlier step in the complement sequence, Cl transfer tests on EAC1 made with normal and rheumatoid IgM were carried out. Fig. 6 shows that when a high input of rabbit IgG antibody was employed (195,000 molecules per cell) Cl uptake was almost completely inhibited by as little as 0.5 ,g N of rheumatoid IgM, the same amount required to block complement-dependent phagocytosis and C3 uptake completely (Figs. 3 and 5) . Role of complemtent comnponents in inhibition of phagocytosis (louw in.pzt of IgG antibody). When the above experiments were repeated with cells coated with only one-sixth as much IgG antibody it was found that whereas C3 uptake was similarly inhibited by RF, Cl uptake was not. Table I impaired, even when RF was added after Cl. Thus although EAC, not treated with IgM, bound 66 molecules C4 per cell, addition of RF after Cl reduced C4 binding to 26 molecules per cell, a result suggesting interference by RF of binding of C4 to antibody.
Effect of human Cl. The above experiments were performed with partially purified guinea pig Cl as a source of the first component of complement. Zvaifler and Bloch (26) found that RF inhibited uptake of guinea pig complement at 40 and 37°C yet was able to fix human complement at 370 but not 4°C. We therefore examined the effect of RF on phagocytosis of cells first coated with human Cl at 370C. The results of Table IV show that RF added before or after human Cl inhibited phagocytosis of such cells about equally as well as cells made with guinea pig Cl (compare Fig. 4 ).
DISCUSSION
Phagocytosis of microorganisms, erythrocytes, or other particles by polymorphonuclear granulocytes is markedly enhanced by the addition of antibody and complement.
Indeed whether antibody alone in the absence of complement is capable of promoting phagocytosis is not entirely certain. Although a specific binding site for IgG antibodies has been clearly demonstrated on the surface of the macrophage (15) it has been more difficult to establish the presence of such a site on granulocytes. Messner and Jelinek have presented evidence for such a specific receptor site for the Fc portion of vG-globulin on the surface of human neutrophils (16) . However these authors were only able to achieve binding of Rh-positive erythrocytes to neutrophils by using a particular hyperimmune complement-fixing anti-Rh (Ripley) and not with ordinary anti-Rh sera. Even when purified IgG and thoroughly washed granulocytes are used in phagocytic assays it is difficult to exclude participation of small amounts of complement bound to leukocytes. Golden and McDuffie (17) , for example, found that inhibition of lupus erythematosus cell formation could be achieved with anti-complement antiserum in a phagocytic system in which complement could not be detected by ordinary means. Although factors other than complement may be responsible for the enhancing effect of fresh serum on phagocytosis none has as yet been unequivocally identified. Gigli and Nelson (14) showed that addition of Cl, C2, or C4 had no effect on phagocytosis whereas addition of C3 produced a marked enhancement, not affected by addition of the subsequently reacting components, C5-C9.
Thus it is not surprising that IgM RF which blocks complefnemnt fixation by IgG antibodies is able to inhibit phagocytosis of particles coated with antibody and complement. Messner, Lasdal, Quie, and Williams (5) have previously shown that IgM RF isolated from patients with subacute bacterial endocarditis (SBE) was able to inhibit ingestion by polymorphonuclear leukocytes of bacteria coated with IgG opsonin. If RF was added to antibody-coated bacteria before addition of fresh normal serum the effect was more pronounced than if it was added after fresh serum. The present experiments clearly demonstrate that this effect is mediated through inhibition of Cl and C4 uptake by antigen-antibody complexes. Presumably the inhibition of Cl uptake is the result of competition between RF and Clq for the same site or adjacent sites on the Fc portion of IgG (18, 19) .
We cannot explain why inhibition of Cl fixation by RF was so much more pronounced when cells heavily coated with antibody were used. Aho, Harboe, and Leikola (20) found that the agglutination by RF of sheep cells coated with small amounts of IgG could be inhibited (36) . Human Igl\I antinuclear antibodies in our experience also appear to be deficient in their ability to fix complemenit and to promote phagocytosis (37) . Most of the previous work on inhibition of complement fixation by RF has employed inhibitioni of immune hemolysis as an indclicator so that no one has excluded the possibility that RF may fix complement at a position sufficiently distant from the cell surface so that, in spite of activation of the components, cell lysis may not occur. The present experiments clearly show that activation and binding of the first four steps of the complement sequence are actuallv p)revented by RF. These results imply that circulating IgM RF does not play a significant role in the inflammation of vessels and tissues in RA, since the phlogistic effects of IgAM antibodies are probably mediated largely througlh the complement system. Thouglh immune complexes appear to be responsible for the low levels of complement in synovial fluid (38) , pleural fluid (39), and serum2 of rheumatoid patients, IgM RF itself does not seem to be the major antibody in these complexes. WVinchester, Agnello, and Kunkel (38) fotund only IgG and not IgAl in the high nmolecular weight material in rheumatoid synovial fluid which they were able to relate to complement depletion. Horwitz, Garrett, and Davis (40) foumd that rheamatoid IgM\ inhibited rather than enlhanced release of complement-derived chemotactic activity. In experiments with passive immune synovitis in the rabbit knee joint wve have not found anly consistent enhancing effect of aHunder, G. G., and F. C. McDuffie. Hypocomplementemia in rheumatoid arthritis. Unpublished observations. RF on the inflammatory reaction, slight inhibition or no effect being the usual result.3 On the other hand Tesar, Schmid, and Suarey (41) have pointed out that RF vary in avidity for antigen and that those of high avidity fix complement better than those of low avidity. Thus it is possible that a small proportion of RF of particularly high avidity may be contributing to tissue damage.
